Summary Hematological and biochemical parameters were evaluated in 31 patients receiving 150 MBq 89Strontium (89Sr) intravenously due to painful skeletal metastases from hormone resistant prostate cancer. Two and 3 months after the injection prostate specific antigen (PSA) had increased by a median of 36% and 100%, respectively, as compared to the pretreatment value whereas alkaline phosphatase (APHOS) had decreased by about 20% (median). The One principal aim of the treatment of hormone resistant prostate cancer is the relief of mestastatic bone pain (Tannock et al., 1989; Zelefsky et al., 1989) .
Recently 89Strontium (89Sr) has been reported to be highly effective as palliation treatment in patients with painful bone metastases from hormone resistant prostate cancer (Robinson et al., 1989; Bolger et al., 1991; Lewington et al., 1991) . Though, the hematological changes and the palliation effect during 89Sr therapy have been discussed extensively, only limited information is available on changes of the biochemical parameters which mirror the course of the disease, as prostate specific antigen (PSA) and alkaline phosphatase (APHOS). In the present report we discuss our results of a phase II study primarily dealing with the changes of PSA and APHOS in patients who have received 89Sr due to painful bone metastases from hormone resistant prostate cancer. In addition, the palliation effect of the treatment is discussed. -up This was done at 4, 8 and 12 weeks. The following clinical, hematological and biochemical parameters were assessed before the 89Sr injection and at each follow-up: Performance status (WHO, [Miller et al., 1981] ), hemoglobin (Hgb), leucocyte counts, thrombocytes, APHOS, PSA. The bone scan was repeated at 3 months.
Patients and methods

Follow
Evaluation of subjective response At each attendence the doctor assessed and scored the use of analgesics by the following scoring system: (analgesic score) 0 -analgesics not required, 1 -non-narcotic analgesics occasionally required, 2 -non-narcotic analgesics regularily required, 3 -oral or parenteral narcotic analgesics occasionally required, 4 -oral or parenteral narcotic analgesics regularily required. In addition, the patients were asked to answer the EORTC Quality of Life Questionnaire (Qol) (Aaronson et al., 1991) before the 89Sr injection and at each follow-up. At each follow-up visit a mean score was calculated from the answers to the four questions dealing with pain which were scored by a 4-point Likert scale (1: not at all; 2: a little; 3: quite a bit; 4: very much). The condition for improvement ofpain (as assessed by the patient) was that this mean pain score had decreased with at least 0.5 as compared to the pre-treatment scoring. Similarly, deterioration of pain was defined by increase of the mean score by at least 0.5.
Based on the information on use of analgesics (by the doctor) and the patient's pain scoring the following response categories were defined. Response: Reduction of analgesic score by at least one step or an unchanged analgesic score but reduction of the daily dose by >25% (doctor's assessment) combined with unchanged/improved pain (questionnaire). Progression: Increase of the analgesic score by at least one step or increase of the daily analgesic dose by at least 25% or clinical need to give additional non-analgesic antipain treatment (i.e. radiotherapy), and/or deterioration of pain as expressed by the patient in the questionnaire. No change: Between response and progression.
Response was evaluated at 2 and 3 months, respectively. Patients who fullfilled the criteria for progression before 2 months had elapsed were categorised within an 'early progression' category.
Subjective toxicity There was no subjective toxicity in any of the cases except for a 1-2 days' flare reaction in six patients.
Biochemical and hematological changes The relative changes of hemoglobin and of the leucocytes, thrombocytes at 1, 2 and 3 months, respectively are given in Table III and Figure 1 , together with the changes of PSA and APHOS. At 2 months a median increase of PSA of 36% was observed (Range: 40% reduction to 280% increase). At 3 months PSA had increased with a median of 100% (Range: 43% reduction to 460% increase). The comparable reduction of APHOS was 20% (Range: 72% reduction to 327% increase) at 2 months and 16% at 3 months. Neither at 2 or 3 months there was any correlation between the subjective response and changes of PSA or APHOS. The leucocyte and thrombocyte counts decreased by a median of about 20-35% at 2 and 3 months, without reaching WHO toxicity grades )2 (Miller et al., 1981) in any case.
Reduced intensity of pre-treatment hot spots could be seen in three of the 23 patients examined by bone scintigraphy at 3 months (Figure 2a ). None of these three patients displayed raising APHOS levels at any time during their 3 months follow-up period. In most patients with a 3 months bone scan the number and/or the intensity of hot spots had increased (Figure 2b ), most often combined with reduced APHOS values.
Statistics
The PC based statistical programme 'Medlog' (Information Analysis Corporation, Mountain View, CA 94040, USA, 1991) was used for calculation of medians, ranges and the chi-square test. A P value less than 0.05 was regarded as statistically significant.
Results
Twenty-nine patients were evaluable for response after 2 months (including four patients with early progression) and 23 patients at 3 months. Two patients were judged to be inevaluable for response to 89Sr treatment. One had a pathological fracture of the spine 3 weeks after the 89Sr injection, the other developed very painful herpes zoster capitis 4 weeks after the 89Sr injection.
Subjective response
Fourteen of the 29 patients responded after 2 months (Table  II) . The comparable figure after 3 months was 11 of the 23 patients who remained on study for 12 weeks. After 2 months six patients had progressed including four patients with early progression. Seven additional patients had progressed at 3 months.
Objective response In three patients objective progression of measurable lymph node or soft tissue metastases (Miller et al., 1981 ) was recorded at the 3 months follow-up visit. Two of these three patients had responded subjectively at the same time. 
Figure 2
Changes of the pre-and post-treatment (3 months) 99mTc bone scan in patients receiving 59Sr due to metastatic cancer of the prostate. Pre-treatment: above; Post-treatment: below, a, Reduced intensity of hot spots. b, Increased number of hot spots. Our results on subjective response at 2 and 3 months are in agreement with published observations (Robinson et al., 1989; Bolger et al., 1991; Laing et al., 1991) . 89Sr treatment seems thus to be a worthwhile alternative in the palliation treatment in these patients, in particular as the therapy is easy to administrate and virtually without subjective toxicity. However, the duration of response in our patients seems shorter than reported by other investigators. This might be due to the fact that 24 of our 31 evaluable patients presented with highly advanced prostate cancer (>20 hot spots on pre-treatment bone scan). This corresponds well with Laing et al.'s (1991) suggestion that the response rate to 89Sr treatment seems higher in patients with limited metastatic bone involvement than in those with extensive skeletal metastases.
The most surprising result of our analysis was the fact that PSA increased in about 3/4 of the patients during the first 2-3 months after 89Sr therapy and that APHOS decreased, though to a lesser extent. The PSA increase is in contrast to reports on the effect of secondary hormone treatment or chemotherapy treatment, each of which reduces the PSA in at least 20-50% of the patients (Scher et al., 1990; Fossa et al., 1990; Denis et al., 1991) . Such PSA decrease may even be related to improved survival (Fossa et al., 1990) . The observed PSA increase within the first 2-3 months after the 89Sr injection may be explained by two alternatives, which may be relevant either alone or in combination.
(1) The observed PSA increase mirrors a slow and prolonged release effect. 89Sr treatment represents a longacting irradiation with a half life time of 51 days of radioactive substance. Though less likely, continuous radiation-induced tumour cell death may during this time hypothetically lead to a long-term release of PSA to the patient's blood stream.
(2) Many patients with a high skeletal bone involvement also have an extensive and most often undetected tumour burden of soft tissue manifestations (retroperitoneal lymph node, liver metastases). Such metastases would not be affected by 89Sr, as the drug is accumulated in the bone and is effective only within 8 mm from the radiation source. The continuous growth of more distantly located and untreated soft tissue metastases -as also demonstrated in three of our patientswould thus explain the observed PSA increase, in spite of tumour cell kill in bone metastases. Our data on reduced serum APHOS levels and occasionally decreased 9"Tc uptake suggest that 89Sr reduces the activity of the osteoblasts, at least in some patients, as observed by Robinson et al. (1989) . However, it is still uncertain how much this reduced activity of osteoblasts is related to decreased volume of bone metastases and/or represents an unspecific irradiation effect on the osteoblastic cells. In any case, our observation of reduced APHOS early after 89Sr injection, even in subjectively responding patients, is in contrast to observations in patients responding to other types of secondary systemic treatment. According to Mackintosh et al. (1990) a transient increase of APHOS (1 months after treatment start) is usually a sign of beneficial effect.
In conclusion intravenous 89Sr treatment represents a worthwhile palliation treatment in patients with hormoneresistant prostate cancer and metastatic bone pain. The treatment is associated with increase of PSA and reduction of APHOS within the first 3 months after the initial injection.
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